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Kardashev ET 
Civilizations
& Human Energy
Consumption Growth



Crossing the Greenhouse 
Threshold: Fossil Fuel CO2 & Human 
Population Growth Trigger Recent 
Explosive Emergence of Global Warming



QuickTime™ and a
TIFF (LZW) decompressor
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Is Homo sap. High-Tech 
Civilization Viable on 
Earth Long Term?





THE REAL PROBLEM: To maintain 2-3%/yr 
GDP growth in this century, some combination of new 
carbon-emission-free primary power sources (100-300% 
present fossil fuel ones by 2050) & efficiency- 
improving technologies will be needed, to also keep 
global warming < 2 degrees Celsius* (CO2 < 500 ppm).

*2 deg C is a  
nominal global 
warming target 
proposed by 
Tony Blair above 
which humans 
“dangerously 
interfere with 
climate system” 
-- interference 
that the UN 
Climate Treaty 
and the Kyoto 
Protocol process 
is intended to 
avoid.
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THE OIL/TRANSPORTATION/”NATIONAL SECURITY” 
CRISIS: The geochemistry of oil formed over 

hundreds of millions of years profoundly
affects today’s

geopolitics

The 
overwhelming 
majority of 
global crude oil 
reserves reside 
in 6 Islamic 
nations of the 
Persian Gulf 
(data from V. 
Smil, Energies 
(MIT Press, 
1999), p. 139.
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WHEN, GLOBALLY, WILL WE BE “OUT OF 
GAS?”

In about 100 years; but Hubbert curves for “cheap oil”
production rates estimated by various sources all peak 
between “now” & mid-century (likewise for cheap natural 
gas).





Fossil fuel CO2 sequestration 
concepts & burial rates needed, to 
generate 10 TW carbon-emission- 

free





(LEFT) The conventional light water 
reactor (LWR) employs water as both 
coolant and working fluid. (RIGHT) The 
helium-cooled, graphite-moderated, 
pebble bed, modular nuclear fission 
reactor is theoretically immune to loss of 
coolant (TMI) and criticality (Chernobyl) 

accidents.





POLICY IMPLICATION FOR RENEWABLE 
ENERGY:

Some critics claim we will never power civilization with 
renewable energy.

Fact: Wind & solar are fastest-growing primary power sources, 
but are unlikely to grow from present ~ 1% of supply to 10% by 
2025 and >30% by 2050 without major incentives, R & D and 
demonstration of enabling technologies.   There are no known 
show-stoppers

Energy Demand 1980-2020 (BAU)

Mbarrels/day 
oil equiv.

Mbarrels/day oil 
equiv.

Mbarrels/day oil 
equiv.



Mass-produced widely distributed PV 
arrays and wind turbines may 
eventually generate 10-30 TW 

emission-free















Does Economics Trump 
Technology?

Or: Does Technology Create 
New Economic Realities?
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